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@ Communications system. 

© A communications system suitable for use with hand portable radio telephones operating in a cellular mode, 
tii cell Size being between 500m and 3km radius. Each cell comprising at east one primary or base 

SaS? ?^) connected to the PSTN and one or more secondary portable stations (14) which are capable erf 
rowing wthTthe cell. Radio communication between the stations can be initiated by erther Each 

«^d secoi^a^ station having radio transcelving means for time division d'«''«'^,<»'];;^^^^ 
Sfi stertlons a codec operating at 32i<blts/second or 11.4kbHs/second and means for transmitting digihsed 
»eeTin aciiSc^ Zh a fLed stmcture comprising 3 full rate or 6 half rate channels per caniers the 
SSieTbein^odSSd aTa carrier bit rate of substantially 270.8333kblts/second. Provls^^ is made for internal 
^ e^ernal handover, if required. Also. If required, the secondary station can be constructed to operate .n the 
DECT system as well as In the above described system. 
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COMMUNICATIONS SYSTEM 

■ i 

- *' s 

The present invention relates to a communications system having particular, but not exclusive, f 
application to a short range (for example 0.5 to 3 km radius) hand portable mobile communications system |, 
In which a portable transceiver unit Is capable of being called via a radio (ink from a base station connected i ?| 
to the public switched telephone network (PSTN) or is capable of making outgoing calls by way of a radio 1 
s ijnk to the base station. 

Two known communications systems Involving speech in which the first or final link In communications 
chain is by way of a duplex radio link are GSM (Groupe Special IVIobile) digital cellular system and the 
DECT (Digital European Cordless Telecommunications) system. In the former case, that Is GSM, a 
secondary or niobile station can mad and receive telephone calls whilst roaming throughout the service 

TO area. If necessary at relatively high speeds of say 250km/hr, through successhre cells each having primary 
or base stations capable of call handover to tine base station of the adjacent cell. The GSM system provides 
8 duplex GSM channels per GSM cam'er pair. Altiiough GSM is a fully defined and functional digital cellular 
system It does have some disadvantages in that it Is complex and the handset will be expensh^el 
Addltionaliy It Is incapable of being used as a simple cordless telephone which would be cheaper to use. 

16 The DECT system is a cordless telecommunications system In which the radio range is of the order of 
100m. DECT makes provision for contiguous radio coverage over loc^l areas but not over larger metropoli- 
tan areas or nationwide. A portable unit therefore has to remain in range of tiie base station or a group of 
base stations through which a call Is being made. Furthenmore tiie portable unit is Incapable of recehrtng 
Incoming calls whilst outside the coverage region of the base station, although a portable unit can be 

20 alerted by a paging signal assuming that the portable unit incorporates a pager or the user is carrying a 
pager. As the peak effective radiated power of DECT portables is low then their range is limited and in 
consequence they cannot be extended to medium or large cells without extreme d'rfficutty. The DECT 
system Is a time division duplex (TDD) system having 12 duplex DECT channels per DECT carrier. 

An object of the present invention is to provide a metropolitan ceiluiar and cordless telecommunications 

26 system using hand portable transceivers. 

According to one aspect of the present invention tiiere is provided a communications system In whteh 
data or digitised speech Is transmitted between a primary and a secondary station and vice versa in 
accordance with a frame structure comprising 3 full rate duplex channels per carrier in which each full rate 
channel either comprises data or digitised speech at substantially 32kbits per second or, optionally, 

30 comprises up to 2 half rate duplex channels comprising data or digitised speech at substantially 11.4 kbits 
per second, the carrier being modulated at a carrier bit rate of substantially 270.8333kblts per second. 

More particulariy the system in accordance with the present invention comprises a primary station, a 
secondary station, the primary and secondary stations each having radio transceiving means for duplex 
radio communication between the stations, encoding means for digitising speech and decoding means for 

35 recovering speech from received digitised speech, and means for transmitting the digitised speech in 
accordance with a frame structure comprising 3 full rate channels per carrier in which each full rate channel 
either comprises data or digitised speech at substantially 32kbits per second or, optionally, comprises up to 
2 half rate duplex channels comprising data or digitised speech at substantially 11.4kbits per second, the 
cam'er being modulated at a carrier bit rate of substantially 270.8333 bits per second. 

40 In an embodiment of the present invention the frame length Is substantially lOmS. 

Communication between the primary and secondary stations may be by single frequency time division 
duplex. Single frequency operation is prefen-ed to say tfie two frequency operation of GSM because the 
nieans for ensuring a reliable channel, that is one having an improved error performance, can be relatively 
simple. Altiiough tiie DECT system is a single frequency time division duplex system. It has 12 duplex 

46 channels in a 10ms frame period and the modulation rate is 1.152 Mblts per second, such a system Is 
unsulted for use over ranges of greater than say 200 metres unless high peak effective radiated powers are 
used and complex channel equalisers are employed to overcome Intersymbol Interference due to multiple 
path effects. 

A modulation parameter (bandwidth x time) BT of 0.3 may be used. A modulation scheme having such 
50 a modulation parameter is more channel efficient than tiie BT of 0.5 used in DECT. By having a modulation 
parameter of 0.3 and a modulation rate of 270.8333 bits per second it is possible to have a carrier 
separation of 200 kHz. This is the same as is used in GSM. However compared to DECT, If its modulation 
rate was reduced to one quarter of that specified, tiiat is to 288 kbits per second, it would be necessary to 
have a canrier spacing of 432 kHz for a BT of 0.5. 

Although the communicattons system In accordance with the present invention Is different from GSM 
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and DECT it nevertheless has features which wili enable It to be implementecl by using components 
developed for, or based on those developed for, GSM and DECT equipments and in consequence the 
system can be established fairly rapidly. 

Furthermore the equipments can be adapted fairly easily to be compatible with DECT and GSM 
6 semces and thereby enabling a user to have a choice of which service to use in a particular situation. For 
example by a secondary station also having means for altering the modulation rate to 1.152 IVIbits/second. 
for altering the multiplexing rate to 12 duplex channels in a 10 millisecond frame and for selecting the 
appropriate protocol. It can additionally be used In the DECT system. Altemadvely by a secondary station 
permitting two frequency duplex operation and having means to alter the framing rate to 8 duplex channels 
70 and to perfomi channel Interleaving, then the adapted equipment Is capable of full GSM operation. In Its 
non-adapted form the secondary station Is capable of operaBng in a cellular an-angement In which In a 
metropolitan environment the cell size rs typically between 500 metres and 3 icm radius. The secondary 
stations are intended to be relatively slow moving, hand portables so that In the majority of cases the user 
remains in communication with one and the same primary station and insodoing there is no requirement for 
IS call handover which simplifies the primary stations and reduces the amount of signalling between primary 
stations. For each secondary station, the probability for handover will be small which reduces the overall 
amount of signalling between the primary stations and their associated controller. However there will be 
occasions where handover is necessary to maintain an acceptable level of service. As far as networic 
signalling Is concerned two different types of handover can be distinguished, these are Intemal and external. 
20 In the case of Intemal handover, the operation is handled autonomously by a primary station controller 
(BSC) without reference to a mobile switching centre (MSC). However the MSG may be fnfbnmed when the 
handover operation has been completed. In the case of external handover, the MSC is Informed by a 
secondary station that an external handover may be needed. The IVISC then decides If and when the 
operaBon should be perfbnmed and on which channel to use. An external handover will also Involve two 
25 BSCS and in some cases two MSCs will be Involved. 

Protocols for use in the system may comprise substantially GSM network layer protocols and protocols 
Z derived from DECT linlc and physical layer protocols. GSM networi< layer protocols enable the full 
functionality of a cellular sen/ice system. The DECT derived protocols lead to a cost effective and efficient 
: implementation. However In order to make the GSM signalling more efficient then in some cases the GSM 
30 messages are substituted by short form messages which fit Into the time slots of the system in accordance 
^ with the present invention. The short form messages do not affect the functionality of the network. 

The present invention will now be explained and descrit)ed, by way of example, with reference to the 
accompanying drawings, wherein 

Rgure 1 is a diagram illustrating an embodiment of a communications system made In accordance with 

36 the present invention, 

Figure 2 Illustrates the DECT arrangement of 12 TDD channels per single canrler. 

Figure 3 Illustrates the arrangement of 3 TDD channels per single canier of the system In accordance 

witii the present Invention, 

Figure 4 illustrates tine GSM arrangement of 8 duplex channels per GSM carrier pair, 
40 Rgure 5 illustrates an embodiment of the present invention which is adaptable for use with DECT, 
Rgure 6 Illustrates diagrammatically the structure of a message, 

Rgure 7 is a diagram Illustrating the tiiree layers of protocol used In the system made In accordance 
with the present invention, 

Rgure 8 is a diagram illustrating the typical mapping of functional channels onto a physical channel, and 
45 Rgures 9 to 20 are diagrams of a layer 2 message format within the C channel and of a plurality of 
message types. 

Refening to the embodiment shown In Rgure 1, tiie system comprises a plurality of geographically 
distributed cells, ttie boundary of each cell being contiguous witii or partially overiapping the boundaries of 
adjoining cells. The exact shape of each ceil Is determined by tiie local topography but typically in a 

50 metropolitan environment a cell is between 500 metres and 3km radius. Each cell contains one or more 
primary or base stations BS connected to the public switched telephone networic. PSTN. The primary 
stations such as BS1. BS2 or BS3, BS4, which belong to the same cell are connected by landllne to a 
primary station controller BSC1 or BSC2. respectively. The controllers BSC1 or BSC2 are in turn connected 
by landllne to a. networic mobile switching centre MSC. The primary station BSl, which Is shown in greater 

55 detail, comprises at least one radio transceiver 12 which is able to communicate on a single frequency TDD 
channel witii a handset or secondary station 14 which is in range. The primary station BSl is capable of 
calling a secondary station 14 by transmitting tiie secondary station's address as part of a paging signal. 
Conversely each secondary station is capable of maWng a call and for tills purpose It Indudes a keypad 
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and controller whereby the called number and the calling party's number are transmitted. The latter's 
number is required for the purposes of billing. 

In Figure 1, the primary station BSI comprises two antennas 15, 16, eitt)er one of which is connectable 
to the transceiver 12 by an antenna diversity switch 18. By being able to use antenna diversity in the oases 

6 of a stationary or slow moving secondary station, the quality of a channel can be improved. Optionally the 
primary station may have one antenna. 

Rgure 2 illustrates the single frequency TDD arrangement used in the DECT system, in a frame having 
a duration of lOmS there are twelve receive slots and twelve transmit slots each having a duration of 
4ia67uS. This provides 12 duplex DECT channels per DECT canier. The modulation parameter used is a 

TO BT of 0.6. The modulation rate Is 1.152 mBlts/second and typically the peak effective radiated power Is 250 
mW. The local oscillator is required to have a moderate stability at frequencies of the order of 1.9GH2. 

Rgure 3 illustrates the single frequency TDD arrangement used in tiie communications system in 
accordance with the present invention. A TDD frame having a duration of 10ms comprises three receive 
slots aruj three tnEunsmit slots each having a duration of 1.667 mS. This provides 3 full rate duplex channels 

16 (or six half rate duplex channels or a combination of full and half rate channels) per carrier. The modulation 
rate is 270.8333 kbits per second and the modulation parameter BT is 0.3. The spacing between cam'ers Is 
of the order of 200 kHz. Peak output power is 1 to 2 watts and the stability of the local oscillator is rated as 
moderate for a frequency In the range 1.6 to 2.3 QHz. The system in accordance with the present Invention 
has by choice some similarity with DECT, notably the frame rate and the speech encoding rate. The slot 

20 Structure is different In tiiat the preamble and a synchronisation fields of DECT are replaced by a shorter 
preamble field and an equaliser training sequence and the introduction of tail bits at tine end of the burst 

For the purposes of comparison, Rgure 4 illustrates tine GSM channel arrangement which comprises 8 
duplex GSM channels per GSM canier pair. Each frame of 8 channels has a duration of 4.61 6mS. The 
modulation rate is 270.8333 kbits/second and the BT is 0.3. The canier spacing is 200 kHz. The maximum 

25 peak effective radiated power is substantially 20W. The local oscillator Is required to have a high stability at 
frequencies of tine order of 900 MHz. The similarities between tiie system In accordance with the present 
invention and GSM are in having tine same modulation rate, BT and carrier spacing. 

These similarities with DECT and GSM can be used to advantage when implementing the system in 
accordance with the present invention. 

30 Rgure 5 is a block schematic diagram of a single mode primary station 10 and a dual mode secondary 
station 14. 

The primary station 10 comprises a speech or data codec 20 which is coupled on the one hand to the 
PSTN and on the other hand to, optionally an error coder (not shown), and then to a 
multiplexer/demultiplexer 22. In the case of speech to be transmitted to the primary station, tine multiplexer 

35 22 Is controlled to select a predetermined one of the 3 possible transmit slots to pass encoded information 
to an IF section 24 and then onto an RF section 26 in which the encoded Information Is frequency up- 
converted before being passed to a selected one of the antennas 15, 16. 

Signals received at tine selected one of the antennas 15, 16 are frequency down-converted in the RF 
section and filtered in the IF section 24. The filtered signal Is then applied to an equaliser and coherent 

40 demodulator 28 after which it is demultiplexed and tiien applied to the codec 20 which also comprises error 
and source decoders. 

The primary station will include clocks, a controller and signalling logic which are generally known in the 
field of digital cellular communications systems and accordingly have not been described or illustrated. 
The constructional features enabling the secondary station 14 to function within the system in 

45 accordance with the present invention are, with the addition of a keypad 30 and associated control circuitry, 
essentially tiie same as those provided in the primary station. In operation speech or data is applied to a 
codec 32 which on the one hand is connected to an input/output transducer (not shown) and on the other 
hand Is connected to a multiplexer/demultiplexer 34 which is controlled to select tiie complementary TDD 
(recede) slot to tiie (transmit) one selected by ttie primary station. The packet of digitised speech or data is 

60 ttien relayed ttirough a modulator to an IF section 36 in which it is filtered and from there tiie speech or 
data is frequency up-converted in an RF section 38 and passed to an antenna 40. In the case of a received 
packet of digitised speech or data, after being filtered in the IF section 36 It is applied to an equaliser and 
coherent demodulator 42 prior to being demultiplexed. The secondary stetion 14 also Includes a clock 44 
and signalling logic 46 which comprises means for inserting the secondary station's identity Into an 

65 outgoing call request 

In order to enable the secondary steti'on 14 to operate in the DECT system then the 
multiplexer/demultiplexer 34 Is operated at a higher rate to provide 12 (as opposed to 3) TDD slots, tfie IF 
section 38 comprises anotiier filter suited to filtering a DECT signal, the signalling logic 46 Is adapted to 
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work with a different protocol and the RF section Is adapted to operate at a different frequency and at a 
lower output power. 

The structure of the messages which may be used in the metropolitan cellular mode is shown in Rgure 
6. The structure commences with a preamble 50 which is followed by a training sequence 52 which is used 
5 to train the coefficients of the equaliser. The sequence 52 Is followed in succession by a signalling field 54, 
a data field 56 and tall bits 58. The data field 56 could be exchanged for extra guard space. The tail bits are 
used to allow effective operation of the channel equaliser by adding known bits. 

If the channels are In general found to be reciprocal then It may be possible to have an equaliser only 
in the primary station rather than in both the primary and secondary stations. In the case of only the 
70 primary station having an equaliser, the equaliser coefficients are determined using a training sequence in 
the message from the secondary station. Then an outgoing message from the primary to the secondary 
station is predistorted in the equaliser so that when received at the secondary station 14 it Is substantially 
undistorted. 

The secondary station 14 may be modified further to make It suitable for use with GSM. 

75 When implementing a primary and/or secondary station, many of the components can be the same as 
or based on those designed for use with DECT and GSM. For example the RF section 38 can be based on 
the GSM front end and the multiplexer/demultiplexer 34 and codec 32 can be based on the DECT 
baseband speech processing components. 

Optionally provision for call hand-over can be provided in the primary station 10. 

20 Referring to Rgure 7, the signalling protocols at the air interface of the communication network, are 
described as three layers LI, L2, L3. Layer L1 is termed the Physical layer and is concerned with the 
physical transmission of Information, l-ayer L2 Is termed the Link layer and is concemed with conditioning a 
signal, that is, error checking, channel monitoring and some types of handover. Layer L3 is termed the 
Network layer which relates to establishing, maintaining and terminating the channel. To provide some 

26 compatibility with existing protocols, the system in accordance with the present invention makes use of the 
GSM networlc layer protocols which will enable tiie system to provide faciiitles such as two-way calling 
(location registration and wide area paging), autiientication, encryption and external handover. DECT type of 
techniques are used for transmitting tiie messages which constitute these signalling protocols. Additional 
facilities can also be provided using DECT signalling and control procedures. In summary the system in 

■30 accordance with tiie present invention uses GSM networic iayer (layer L3) procedures and DECT link and 
physical layer (layers L2 and LI , respectively) procedures, due allowance being made for tiie fact ti^at the 
bit rate and channel bandwidth are lower than in DECT but tiie same as are used in GSM. 

The ms\ior principles of the signalling protocols and procedures that will be used in the system made in 
accordance wKh the present invention will now be described. 

35 In tha Interests of compatibility with the GSM and DECT systems, the protocols used will, when 
expedient, be the same. For example:- 

GSM Call Control protocols are used for call establishment and termination. 
GSM Mobility Management protocols are used for Location Registration. Paging and AuttienticaUon. 
GSM Radio Resource management protocols are used for "external" handover, that is a handover involving 
40 an MSC. 

The system in accordance witii the present invention uses planned cell layout and planned frequency 
allocation on each cell. During normal operation the handset or secondary station is responsible for 
monitoring its serving and neighbouring cells, for reporting tiiese measurements of the primary station 85 
and for suggesting new frequencies to the BS. Either tiie secondary station or the network may initiate 
45 handover but the primary station has ultimate authority. 

In a GSM system the Network layer protocols are multiplexed onto a number of ''logical*' channels and 
tiiese logical channels form the interface between the Network layer and lower layers. In a GSM system 
these messages are then encoded against en'ors and multiplexed into a number of GSM physical time 
slots. 

50 In contrast the system in accordance with the present invention maps these "logical" channels via an 
interwoHdng function, onto the DECT channels and time slots. The GSM Network Layer signalling messages 
will be mapped onto DECT Link Layer messages and then to DECT physical channels. 

The DECT procedures are used for "Internal" handover, i.e. handover that does not involve the Mobile 
Switching Centre MSC. 

55 DECT Link Layer procedures are used for enror protection, channel monitoring and reporting measture- 
ments of neighbouring cells. 

DECT Physical layer structures and techniques are used fbr: transmission, paging, random access and 

so fortti. 
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The system in accordance with the present invention uses Functional Channels which are of a type' it 
sinnilar to those defined for the DECT system. These are functionally equivalent to the Functional Channels 
defined for the GSM system. The main differences between the GSM and DECT functional channels arie 
differences In the throughput rate and the fact that the GSM "Dm" channel Is further organised into various 
6 logical channels. 

The typical mapping of Functional channels onto physical time slots is shown in Rgure 8 and a 
Functional channel comprises a header HR, a control or C channel of 64 bits per slot and an Information or I 
channel of 320 bits per slot. 

The 1 channel is used for user data and occasionally for signalling information e.g. at call set up. The I | 
10 Channel is used for transmitting: f | 

(a) Speech encoded at 32kb/s (tiie full rate channel). ^ 1 

(b) Speech mcoded at 11 .4kb/s (gross) (tiie half rate channel), • I 

(c) ISDN bearer B channels. 

The C channel is used for sending various types of messages for example Paging messages, 
75 Broadcast messages and so forth. More particularly the C channel Is used for all signalling functions. 
Despite the fact that the 0 channel is physically associated with Individual traffic slots the systeni can use 
the C channel In either common control or dedicated control modes. When necessary the C channel may 
use tiie capacity of the I channel to give a higher throughput/speed. Besides using the C channel for 
transmitting various types of signalling messages it is also used to broadcast system status messages 
20 known as BCCH (Broadcast Common Control Channel). The primary function of the BCCH is tiie 
broadcasting of Location Area Identifiers and In some situations broadcasting advice on for example the 
carriers available on tiie present cell, the coordinates of BCCH earners (If any) on neighbouring cells and * 
fifee channel maps. The BCCH may be physically multiplexed onto either downlink paging/idle slots or onto 
a reserved carrier used only for signalling. An operator can choose either of these options. It Is likely that 
25 the former option would be chosen In situations where there were few carriers per primary station and the 
latter fn situations where there were many carriers per primary station. 

The system In accordance witii the present Invention uses the standard GSM layer 3 message fomnat 
These messages will be Inserted in the appropriate field in tiie C channel. In order to make tiie PCN 
signalling more efficient there are a number of exceptions to this rule, which exceptions Indude:- 
30 (a) broadcasting Local Area Identifiers 

(b) reporting measurements of signal strength/quality of adjacent primary stations. In these cases 
messages are not padded with extra headers or otiier information and do not need to be transmitted over 
several frames but are transmitted in a single DECT layer 2 frame (40 bits). The DECT layer 2 message 
header will explicitly identify these messages. 
35 For all other signalling procedures the DECT layer 12 message fomnat (or enhanced versions) are used. 
Generally the layer 1.3 messages are inserted into tiie fields available in the layer L2 C channel. In 
these cases the header of the layer L2 message will Identify tiie fact that the following field contains a Lap- 
Dm L3 message. 

In order to speed the message transfer there are some exceptions to tiiis rule. In those cases where 
40 Lap-Dm messages are rather long (up to 23 octets long). One solution is to send the most common or time 

critical signalling messages within a single C channel slot The header on the layer L2 message would 

identify these types of message. 

It is more convenient if a complete short form message can be sent In a single 40 bit field without the 

need to extend the signalling message over several frames. 
45 The layer L3 messages are embedded into tiie layer 12 message and some examples of tiie different 

types of layer L2 messages will be described. 

Each burst of transmitted data comprises a 64 bit signalling field plus a data field. The 64 bits In the 

signalling field fonm a layer L2 message block whose staicture Is shown in Rgure 9. The structure 

comprises three fields, a header HR. data D and CRC. The header HR defines the type of the layer L2 
60 message. One header bit Indicates a multiframing which Is used for paging. A tota! of 40 bits is available for 

the data field. These forty bits are used to transmit the different messages identified in the message type 

field of the header. The CRC field covers all of tiie preceding 48 bits I.e. including the header. The types of 

different messages and tiie structure of each individual message Is shown diagrammatically in Figures 10 to 

20. These are tabulated below. 

55 
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Figure No. I 


lessiage tiype 


Purpose, use and description of 


8 






the message 
— 1 




Figure 10 1 


Lap'Dm 


rhis type of message will be used to 
transmit 5 octets of a layer L3 Lap- 


10 






Dm message. This is how the GSM 
layer 3 messages will be eoibedded 
into the DECT layer Z message 
format. 


16 




^ u 


1 


1 

r 


Figure 11 


E-G-chan 


this type of message is used to | 
indicate that the entire burst, j 


20 






ineitidinff tihe I channel will be 
used for sending signalling 
messages. This type of message will 
typically be used during the call 


26 






set up phase i.e. \diile the I 
channel would otherwise be en^ty. It 
might also be used to transmit a 








handover command very quickly. 

1 1 




i 

Figure 12 


1 H 

Standard 

1 
1 


This is the standard message that 
vrill be transmitted during the 


36 






cotirse of a call but vAiere there is 
no radio link signalling to transmit 
(i.e. much of the time). The two 


40 






itnii K<(4-a us^d bv ea.ch end of tlbe 
link to keep the other end of the 
link informed of the perceived 


46 






quality of the serving channel. The 






"F" bit is used for frequency 
correction. The "Cell/Call ID" field 
is used on the dovmlink to transmit 


60 






the Cell Identity and on the uplink 
to transmit the Call Identity. The 
Lap-Dc field is used to transmit any 
non-radio link related signalling. 
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Figure No. 


Message type 


Purpose* use and description of 







the message 
1 — 1 



Figures 13 
14 and 15 



Page / £-Page 



These messages are used to page a 
handset. There are two variants of 
this message: the PAGE message and 
the Extended PAGE message (£-Page). 
Every 8th frame the system 
broadcasts PAGE messages or other 
system messages in the signalling 
field of every slot, i.e. the system 
replaces dedicated signalling 
channels with a common signalling 
channel every 8th frame. 

The shorter PAGE message is the 
preferred technique and it is used 
when the Temporary Mobile Station 
Identity (TMSI) is available. 3 
octets will be used for the TMSI 
field. This is one octet shorter 
than the maximum allowed by the GSM 
recommendations. However 3 octets 
will allow for 16 million unique 
identities within a single Location 
Area so it should be more than 
adequate. Otherwise the full TMSI 
is broadcast over two frames. 

The "Free Channel" field (FC) is 
used to transmit the coordinates of 
a suggested free channel. The 
"Colour codes" field (CC) is used to 
transmit the system colour codes. 
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Figure No. 


1 

Message type | Purpose, use and description of 
1 the message 


1 H 

Figure 16 

1 


LAI 

\ 


This type of message is used to 
transmit the Location Area 
Identifier (LAI) code. This message 
is transmitted on : 
1. i*&iipty** paging frames. However 
should it turn out that under some 
circumstances that there are not 
enough empty paging frames then the 
LAI message should be broadcast on; 
2* Alternate paging frames and/ or » 

3. IDLE channels, or 

4, On the reserved BCCH carrier, if 
such a carrier is provided* 

- 1 
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MEASHKPT 


This is an abbreviated form of the 






GSM Measurement report (MR) message. 






The handset can send reports (HRl 






and MR2) of up to two adjacent 






primary stations in a single 






signalling uxiit. 






The secondary station begins to sendj 






these messages when it may need to 






perform an external handover. The 






secondary station does not need to 






send these messages if it needs to 






perform an internal handover. 
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This Is a Handover Suggestion 
message. The secondary station sends 
this message to the primary station 
controller BSC when it realises it 
may soon want to perform an external 
handover. This message is purely 
advisory and the BSC can completely 
ignore this message if it chooses. 
The BSC decides when and if the 
Mobile Switching Centre MSC should 
be recommended to perform an 
external handover. However the use 
of this message will mean freedom in 
the in^lementatioa of the BSC. The 
BSC can either monitor all stations 
continuously and decide if an 
external handover is necessary or 
it can wait for the primary stations 
to suggest that a handover is 
necessary before it does anything. 

The "Cell"' and "Channel Description" 
fields contain the coordinates of 
the s\xggested channel. 
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IDLE 


This message is used to designate an 
idle channel. It contains the "Cell 


so 






ID" code and some "System 
Information", further System 
Information is also given in the I 
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channel . 
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carrier that Is reserved exclusively 
for signalling • It is not mandatory 
to reserve a carrier for signalldLng 
but it would be convenient to do so 
if there are a lot of carriers on 
each BS* 



During the course of a call the secondary station must monitor Its serving channel, other channels on its 
serving primary station and its neighbouring primary stations. The secondary stations hnonitors the channels 
in accordance with the following strategy. If the received signal level is high but the signal quality is low 
(case 1 situation) then the channel Is probably being corrupted by interference and the secondary station 
should look for another channel on the same primary station. Alternatively W the received signal level is low 
and the signal quality is low (case 2 situation) then the secondary station should scan neighbouring primary 
stations for a free channel. In either case handover may be necessary. 

There are two distinct types of handover, namely external handover which involves switching by the 
MSG and BSC and internal handover whi<* involves the BSC but not the MSG. The difference is that in the 
former case networic signalling is needed whereas in the latter case it Is not These two types of handover 
"are provided for in the QSM system. However the QSIVI system uses different fixed network procedures but 
the same radio path procedures as are used by the system in accordance with the present Invention. The 
internal handover Is handled autonomously by the BSC and the MSG is informed when the procedure Is 
complete. The MSG on the other hand decides when and if an external handover should occur. 

In the case 1 situation mentioned above the secondary station may go on to execute an internal 
handover as per the DECT procedures. This means that the BSC can in practice be built from a DECT 
Radio Link Exchange (RLE) equipment Also to avoid having to modify the DECT RLE to monitor ail calls to 
decide If an external handover should be performed soon, the secondary station will Inform the BSC when It 
decides that an external handover is needed and the BSC can check this and then inform the MSG. 

If an internal handover Is needed then the secondary station continues transmitting on the old channel 
whilst requesting a new channel using an appropriate burst The handset may also send traffic data along 
with the channel request on the new channel. Upon receipt of this burst the primary station acknowledges 
the channel at which point the secondary station releases the old one. The BSC network may override the 
new channel suggested by the secondary station by acknowledging the handover request with the 
coordinates of a new channel. This maintains the necessary high speed handover but allows the network 
operator the opportunity to load balance if it is considered desirable. If the secondary station does not 
receive acknowledgement on the new channel, it may try other channels. If the secondary station Is 
unsuccessful in finding a new channel in a suitable time, It will stop transmitting and the old primary stations 
will Initiate a call release. Upon successful establishment of the new channel, the BSC will tell the old 
primary station to stop transmissions. In the case 2 situation where an Inter cell or external handover Is 
necessary the secondary station must determine If the neighbouring primary station belongs to Its present 
BS or to another BS.. The secondary station can deduce this by reading the Cell Identifier field of the 
neighbouring Base Station. If the target neighbouring primary station belongs to the same BSC then It may 
go on to execute an internal handover. Otherwise If the target primary station belongs to another BSC then 
the secondary station must follow the procedure for external handover. 

For external handover the handset follows a procedure In which the secondary station monitors the 
signal level and quality of the serving channel, and that of neighbouring cells. The signal level/quality is 
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averaged over a period and afterwards this measurement is reported to the primary station. The secondary 
station may suggest to the networi< that an extemal handover is needed by sending a "l-iandover ) : I'; 
Suggestion" message. This would relieve the BSC of monitoring every call continuously. Tlie handover 
decision is talcen by the network. The first stage In the decision Is where the BSC decides whether or not to ' ' ? p 

s refer this handover to the MSC for further processing. The second stage is where the MSC deddes when ^ 
and If an extemal handover should be performed, and, If so, executes the extemal handover. 

From reading the present disclosure, other modifications will be apparent to persons skilled In the art. 
Such modifications may Involve other features which are already known in the design, manufacture and' use 
of communteation systems and component parts thereof and which may be used Instead of or In addition to 

TO features already described herein. Although claims have been formulated in this application to particular 
combinations of features, it should be understood that the scope of the disclosure of the present application 
also includes any novel feature or any novel combination of features dlsclocfed herein either explicitly or 
Implicitly or any generalisation thereof, whether or not it relates to the same invention as presently claimed 
in any claim and whether or not It mitigates any or all of the same technical problems as does the present 

16 invention. The applicants hereby give notice that new claims may be formulated to such features and/or 
6omk>inations of such features during the prosecution of the present application or of any further application 
derived therefrom. 



20 Claims 

1. A communications system in which data or digitised speech is transmitted between a primary and a 
secondary station and vice versa in accordance with a frame structure comprising 3 full rate duplex r 
channels per cam'er in which each full rate channel either comprises data or digitised speech at 

25 substantially 32kblts per second or, optionally, comprises up to 2 half rate duplex channels comprising data 
or digitised speech at substantially 11.4kbits per second, the carrier being modulated at a canier bit rate of 
substantially 270.8333kbits per second. 

2. A communications system comprising a primary station, a secondary station, the prinriary and secondary 
stations each having radio transceiving means for duplex radio communication between the stations, 

30 encoding means for digitising speech and decoding means for recovering speech from received digitised 
speech, and means for transmitting the digitised speech in accordance wrtti a frame structure comprising 3 
full rate channels per carrier In which each full rate channel eltiier comprises data or digitised speech at 
sutistantially 32kb*its per second or, optionally, comprises up to 2 half rate duplex channels comprising data 
or digitised speech at substantially 11.4kbits per second, ttie canier being modulated at a canier bit rate of 

35 substantially 270.8333kbits per second. 

3. A system as claimed in Claim 1 or 2. characterised In tiiat the frame length Is substantially 10 
milliseconds. 

4. A system as claimed in Claims 1, 2 or 3, characterised in that the cpmmunication between the primary 
and secondary stations is by single frequency time division duplex. 

4D 5. A system as claimed in Claim 4, characterised In that each channel comprises two slots and the 
message structure for each slot comprises successively a preamble, a training sequence, a signalling field, 
a data field and tail bits. 

6. A system as claimed in Qaim 4 or 5, characterised in tiiat tiie broadcast, common and dedicated control 
channels are provided on the same radio carrier. 
45 7. A system as claimed in Claim 4 or 5. characterised in that broadcast and common control are provided 
on a reserved radio cam'er. 

8. A system as claimed In any one of Claims 1 to 7. characterised in tiiat the modulation parameter 
(bandwidth x time) BT is 0.3. 

9. A system as claimed In Claim 8, having at least two carriers and characterised in that adjacent carriers 
60 are spaced apart by substantially 200 KHz. 

10. A system as claimed In any one of Claims 1 to 9. characterised In that tiie primary station is connected 
to the public switched telephone network (PSTN). 

11. A system as claimed In any one of Claims 1 to 10. characterised In that the primary and secondary 
stations each operate In accordance witii a protocol which permits either station to Initiate a call to tiie other 

55 Station. 

12- A system as claimed in any one of Claims 1 to 1 1, characterised In tiiat each primary station includes a 
channel equaliser for equalising a digital signal from the secondary station. 

13. A system as claimed in Claim 12 when appended to Claim 5 or any one of Claims 6 to 12 when 
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appended to Claim 5, characterised In that the channel equaliser pre-dlstorts a digital signal to be 
transmitted to a secondary station, the degree of pre-dlstortlon being determined on the basis that the 
channel Is a redprocai channel and that the adjustment of the equaliser coefficients using the training 
sequence is such that the signal received at the secondary station Is substantially undlstorted. 
5 14. A system as claimed in Claim 11, characterised in that each secondary station Includes a channel 
equaliser. 

15. A system as cialmed in any one of Claims 1 to 14. characterised In that the primary station has means 
to practise antenna diversity. 

18. A system as claimed in any one of Claims 1 to 15. further comprising means for permltfing internal and 
70 external handover. 

17. A system as claimed in any one of claims 1 to 16, characterised In that GSM signalling protocols are 
adapted to woric on DECT channels, 

18. A system as claimed In any one of Qalms 1 to 16. having a signalling protocol comprising a physical 
layer, a link layer and network layer protocols, characterised in that at least some of the signalling 

76 messages for the link layer comprise short form messages which are contained in a single message frame. 

19. A dual mode secondary station for use when In a first mode in the communications system as claimed 
in any one of Claims 1 to 17. and when in a second mode in the DECT system, characterised In that the 
secondary station includes means for recovering a signal transmitted in the first or second mode, said 
means including means for setdng the modulation rate to either 270.B333kbits/sec or 1.152mbits/sec, for 

20 setting the multiplexing rate to either 3 duplex full rate channels in a 10 millisecond frame or 12 duplex 
channels In a 10 millisecond frame and for selecting the appropriate protocol. 
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